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Biochar – Look to other Black Carbons
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• Coal
There is still disagreement over the chemical structure of coal 
(Stefanova et al., 1993; Van Krevelen, 1993; Schumacher, 1997) 
Function of original feedstock, conditions of digenesis, 
burial conditions, and post creation exposure 
events
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Coals:
Highly variable chemical structure
“Ranks” of coal based on volatile matter content
Peat  Lignite  Sub-bituminous  Bituminous Anthracite Graphite
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Biochar Stability: Coal Microbial Stability History
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•Over a 100 year history of research
•Potter (1908)
• Initial observation of fungi degradation of lignite coal
•Galle (1910) 
• First isolated pure cultures of bacteria that degrade coal
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• Fakoussa (1981)
“Liquefaction” of coal by microbes 
Formation of colored liquids
• Cohen and Gabriele (1982) 
Wood-decaying fungi (white-rot and brown-rot) on 
coal form black liquid droplets
Biochar Stability: Coal Microbial Stability History
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• 1920-30’s  High use of charcoal/coal in agriculture
Lieske – 1929/1931 
Application of to agricultural soils
Aim:   Stimulation of fungi and bacteria
Thompson – 1933
Use of charcoal/coal in animal feeding
+ others…. 
Coal Degradation Mechanisms
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A Alkaline Substances
B Biocatalysts
C Chelators
D Detergents
E Easterases
ABCDE-mechanism of biological conversion of black carbon
(Fakoussa, 1991)
Charcoal Weathering
• Chemical oxidation of charcoal has been known for a longtime
• Pechnin (1872)
Moist ground charcoal losses are 10-25% from open air/moist storage
• Grooves and Thorp (1889) 
Degrades at 2% per week when exposed to moist air 
• Engineer (London, UK; 1903) 
In the presence of saltwater the  loss is reduced. 
• Stored in a brine solution  for 10 years    <0.1%  lost
• Fritz & others (1907) 
Loss is a function of rank of coal and particle size
• Bruce (1940) 
The quicker the charcoal pile is made after formation the quicker it will disappear
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9Biochar Stability – Weathering
Three Simultaneous Processes:
1) Chemical
Biochar is reactive !
• Chemisorption of oxygen to surface (Puri, 1958)
• Self-combustion properties of charcoal
• Exothermic reaction with oxygen/water vapor
Self Heating (12- 16 cal/g released with H2O )
2) Microbial 
Emphasis of biochar degradation studies 
Different biochars are degraded by different bacteria at different rates 
• Quality of Biochar
• Quality of Soil Microbial Communities
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Missing Process: 3) Physical Degradation
Vital in the formation of soils
Parent Rock  Soil 
Black Carbon disappearance has been mentioned…
• Fungi can degrade BC to dissolvable components
Hockaday et al. (2007) 
Microbial aided disintegration –
Condensed aromatic compounds observed in soil pore water, 
groundwater, and river water
Jaffe et al. (2013) – Dissolved black carbon into surface waters 
Possible explanation for disappearance of BC
• Swelling of charcoal to the presence of water and water vapor 
Bangham (1932)
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Biochar – Looking at microscopic phenomenon
• JEOL 6500 SEM
• Chemical analysis 
• Energy dispersive spectrometer 
(EDS). 
• Thermo-Noran Vantage system
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Biochar Rinsing
Fresh 
Biochar
“Rinsed”
24 hr. reciprocal 
shaking 
(60 cycle min-1)
Filtrate 
evaporated on 
SEM mount 
(EDS Analysis)
1:20 BC:Water
Hardwood Slow Pyrolysis Biochar (550 oC)
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• “Fresh” Biochar
Hardwood Slow Pyrolysis Biochar (550 oC)
Footer text here15
• “Fresh”                                                                 “Rinsed”
Rinsed Hardwood Slow Pyrolysis Biochar (550 oC)
Footer text here16
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Physical 
Breakdown
“Sink-hole” formation
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Physical 
Breakdown
Graphite sheet failures
Physical Weathering – Analogies
Utah (Goblin Valley)
Physical Weathering – Analogies
Utah (Goblin Valley)
Surface of Washed Poultry Litter BC (350 oC)
Physical Weathering – Analogies
Utah (Goblin Valley)
Physical Weathering – Analogies
Utah (Goblin Valley) Surface of Washed Poultry Litter BC (350 oC)
Biochar C loss amounts 
(% of original C)
Physical breakdown of the biochar 
accounts for 3 orders of magnitude 
higher losses than microbial 
degradation
(24 hr physical – 100d microbial)
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Micron and nanoscale biochar particles in rinse water
Why important ?
• Uptake by plant roots & animal cells depends on chemistry of dissolved nanoscale
fragments
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Why important ?
• Uptake by plant roots & animal cells depends on chemistry of dissolved fragments
• Plant growth increased in the presence of nano-sized charcoal particles
• Differential genetic expression between seedlings
• Aquaporins – water channeling gene
• Plant responses to environmental stresses
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Carbon Nanotubes Induce Growth Enhancement of Tobacco Cells, ACS Nano, 2012, 6 (3), pp 2128–2135. DOI: 10.1021/nn204643g
Implications
• Biochar is prone to physical degradation 
C loss from BC
Also helps explains the 
“black carbon paradox”
• However:
•Soil was also observed to stabilize BC 
particle
• Potential need for smaller particles
• Mechanical strength
• Amorphous stronger than “graphitic sheets”
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